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A combined search for the Standard Model Higgs boson with the ATLAS experiment at LHC
using datasets corresponding to integrated luminosities from 1.0 to 2.3 fb−1 of pp collisions at√
s = 7 TeV is presented. The Higgs boson mass ranges 146 - 230 GeV, 256 - 282 GeV and 296
- 459 GeV are excluded at 95% Confidence Level, while the range 131 - 450 GeV is expected
to be excluded in the absence of a signal. Searches in several decay channels are discussed:
H → γγ , H → bb¯, H → τ+τ−, H → ZZ(∗) → l+l−l ′+l ′−, H →WW (∗) → lν lν , H →WW → lνqq,
H → ZZ → llνν , H → ZZ → llqq. No significant excess was observed in any of these channels
for the entire mass range from 110 to 600 GeV. In addition, a search for neutral Higgs bosons in
the Minimal Supersymmetric extension to the Standard Model (MSSM) is presented.
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Figure 1: (Left) SM Higgs boson production cross section and (right) branching ratios as a function of MH
at the LHC at
√
s = 7 TeV [11].
1. Introduction
The search for the Standard Model (SM) Higgs boson [1 – 7] is one of the major goals of the
Large Hadron Collider (LHC) at CERN. Direct searches at the CERN LEP e+e− collider excluded
a SM Higgs with a mass below 114.4 GeV at 95% Confidence Level (CL) [8]. The searches
at the Fermilab Tevatron pp collider have excluded the Higgs boson mass (MH) range between
156−177 GeV at 95% CL [9]. Both ATLAS and CMS collaborations have reported very exciting
results on Higgs boson searches in 2011 thanks to the outstanding performance of the LHC. In the
following, results from the ATLAS experiment corresponding to an analysed integrated luminosity
from 1.0 to 2.3 fb−1 and covering the mass range from 110 to 600 GeV are outlined in Section 3.
The combination of the various decay channels is reported in Section 4. Finally, in Section 5,
MSSM neutral Higgs bosons searches decaying into a pair of τ leptons are reported. Updated
results with an integrated luminosity of 4.9 fb−1 for the ATLAS experiment could be found in [10],
but will not be described here.
2. Standard Model Higgs boson at the LHC
2.1 The Higgs production
At the LHC, the SM Higgs boson can be produced through the following four main mech-
anisms (see Figure 1): gluon fusion through a heavy quark triangular loop, vector boson fusion
(VBF) where vector bosons are radiated from quarks and couple to produce a Higgs boson, as-
sociated production with vector bosons W or Z (VH) where the Higgs boson is radiated from a
gauge boson, and production in association with a top quark pair (ttH) where the Higgs boson is
radiated from a top quark (for details see [11]). The gluon fusion process has the largest cross
section over the whole mass range. The QCD radiative corrections at next-to-next-to-leading order
(NNLO) were calculated in the large Mt limit in addition to the improvement provided by the QCD
soft-gluon resummations up to next-to-next-to-leading log (NNLL) together with next-to-leading
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order (NLO) electroweak (EW) corrections [12 – 14]. The remaining theoretical uncertainty is of
the order of 15%. The vector boson fusion (VBF) is a very important process since it leaves a
special signature in the detector. This process has been computed fully at NLO (EW and QCD cor-
rections). Approximate NNLO QCD corrections have been computed [15], leaving a theoretical
uncertainty of the order of 5%. Finally, the Higgs boson VH and ttH associated production modes
have been calculated at NNLO [16] and NLO [17 – 19] respectively.
2.2 The Higgs decay modes
In the low mass range (100 ≤ MH ! 150 GeV), the Higgs boson decays into a bb¯ pair with a
high branching fraction but the QCD background is expected to be prohibitively large. However
the production of the Higgs boson in association with an EW boson is likely to be a more promising
process to identify H → bb¯ decays due to the reduction in background and the improved trigger
signature provided by the leptonic decays of the vector boson. The H → τ+τ− channel has a smaller
branching ratio, about 7%, but offers a signature which can be discriminated from background
processes. The sensitivity is enhanced by requiring that the Higgs boson is produced in association
with jets, at NLO in the gluon fusion process and at LO in the VBF process. Despite its small
branching ratio, about 0.2%, the H → γγ is one of the most promising search channels at the LHC
because it provides a good experimental sensitivity. The signal would appear as a narrow peak over
a continuum of background.
In the high mass range (MH > 150 GeV), the WW decay mode of the Higgs boson becomes
the dominant one. For masses around 160 GeV, the purely leptonic mode H →WW (∗) → lνν is the
most sensitive channel. For MH > 200 GeV, H →WW → lνqq also becomes important, and has
an advantage over the H →WW (∗) → lνν which is the ability to fully reconstruct the Higgs boson
mass. Also a significant fraction of Higgs bosons decay into two Z bosons, for MH > 2MZ . The
H → ZZ(∗) → l+l−l ′+l ′− decay mode, where l, l′ = e,µ , has the cleanest signature for the search
for the Higgs boson. In this “golden” channel, an excellent energy and transverse momentum
resolution of the reconstructed electrons and muons, respectively, leads to a narrow four-lepton
invariant mass peak on top of a smooth background. For MH > 200 GeV, H → ZZ → llqq and
H → ZZ → llνν become also important.
3. Standard Model Higgs boson searches
3.1 H → γγ
The H → γγ analysis is carried out for MH hypotheses between 110 and 150 GeV for an
integrated luminosity of 1.08 fb−1 [20]. Two isolated well-identified photons with transverse mo-
menta above 40 and 25 GeV, respectively, are selected. The main background components are the
diphoton production, the photon-jet production with one fake photon from jets fragmenting into a
leading pi0, the dijet production with two fake photons, and Drell-Yan events where both electrons
are misidentified as photons. A data-driven method is used to estimate the fake photon background
components from data using control regions for two discriminating variables based on isolation
and identification cuts. The Drell-Yan background is estimated by measuring the probability for
an electron to be reconstructed as a photon candidate with Z events and applying it to the observed
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Figure 2: Left: Decomposition of the diphoton candidate invariant mass distribution, as obtained from a
data-driven method. The components are stacked on top of each other. Right: Invariant mass distribution
from the selected data sample for all categories together. The exponential fit to the full sample of the
background-only hypothesis, as well as the expected signal for a Higgs boson mass of 120 GeV with five
times the SM predicted yield, are also shown for illustration [20].
yield of Drell-Yan events at high mass. Figure 2 (left) shows the extracted background components
from data. The purity of the sample (fraction of diphoton events) is about 72%.
The analysis in this channel splits the selected events into five categories with different in-
variant mass resolutions and signal-to-background ratios in order to enhance the sensitivity. The
categorization is based on the direction in which each photon was emitted and whether or not it is
reconstructed as a converted photon. The vertex position is estimated from the shower position in
the the first and second layers of the calorimeter for unconverted photons, while for converted pho-
tons it is estimated from the intercept of the line joining the reconstructed conversion position and
the calorimeter impact point with the beam line. When both photons are unconverted, the vertex
position resolution is about 1.6 cm in z and it is even better in case of converted photons.
The mass resolution for the signal is modelled by the sum of a Crystal-Ball function and a
Gaussian distribution with a wide sigma. The background is estimated from an unbinned fit of
the di-photon mass spectrum with a single exponential. Figure 2 (right) shows the reconstructed
diphoton mass spectrum; no significant excess is visible. Experimental systematic uncertainties
were estimated to be about ±12% on the expected signal yield and ±14% on the di-photon invari-
ant mass resolution. An additional systematic uncertainty is computed to take into account possible
deviations of the background distribution from the exponential shape. All the systematic uncertain-
ties are treated as fully correlated between the various categories. The test statistic used is a profile
likelihood ratio and the method used (as well as for the other channels) to set exclusion limits is the
modified-frequentist approach CLs [21]. The expected median limit varies from 3.3 to 5.8 times
the SM cross section as a function of the Higgs mass. The observed limit varies between 2.0 and
5.8 times the SM cross section within the expected statistical fluctuations around the median limit.
3.2 H → bb¯ : W/H(lνbb¯) and Z/H(llbb¯)
The search for the SM Higgs boson produced in association with a W or Z boson decaying
to bb¯ is performed in the mass range between 110 and 130 GeV for an integrated luminosity of
1.04 fb−1 [22].
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Figure 3: The invariant mass, mbb¯, for WH → lνbb¯ (left) and ZH → llbb¯ (right) for MH = 115 GeV. The
signal distribution is enhanced by a factor 20 for visibility [22].
In the ZH → llbb¯ search channel, the selection requires a reconstructed Z candidate and a small
EmissT . The invariant mass of the two leptons is required to lie within 15 GeV from the Z mass to
suppress background coming from tt¯ and multijet production. In addition, at least two b-tagged jets
with pT > 25 GeV are required. The dominant background to the Z/H(llbb¯) is expected to come
from Z+jets events. It is estimated using a data control region for normalisation and simulation
for a shape template. Other backgrounds from tt¯ production, multijet and ZZ/WZ production also
contribute and are estimated from simulation. The background coming from top production was
also checked in the sidebands of the di-lepton invariant mass distribution.
In the WH → lνbb¯ channel, events are characterized by exactly one lepton originating from W
decay and significant EmissT . Exactly two jets with pT > 25 GeV are required to reduce background
from top quark production tt¯ → bW (lν)t¯W (qq). These jets have to be b-tagged to reduce back-
ground from W+jets. The dominant backgrounds arise from top-quark production, QCD multijet
production and W+jets. These backgrounds are determined by a simultaneous template fit to data
control regions. The top and W+jets templates are determined from Monte-Carlo simulation for tt¯
events and un-tagged W+jets events from data.
The di-b-jet invariant mass mbb¯ distributions for ZH → llbb¯ and WH → lνbb¯ for MH =
115 GeV are shown in Figure 3. The resulting exclusion limits range between 10 to 20 times
the SM cross section, when combining both channels, depending on the Higgs mass.
3.3 H → τ+τ−
This search is performed as a counting analysis for Higgs boson mass hypotheses between
110 GeV and 150 GeV, in the H → ττ → l+l−+ 4ν [23] and H → ττ → lτhad3ν [24] channels,
for an integrated luminosity of 1.06 fb−1.
In the fully-leptonic τ - final state, the selection requests two high-pT leptons and at least one
jet with pT > 40 GeV. The resulting boost of the Higgs boson implies a large E
miss
T in the event. The
large EmissT and the high-pT jet allow for a good discrimination against background processes such
as Z/γ∗→ ll, Z→ τ+τ− and QCD multi-jet events. The Z→ ll background is further reduced when
the two leptons are from the same flavour by requiring that the mass of the dilepton is substantially
smaller than the mass of the Z boson. Z → τ+τ− is the main background in this analysis, its
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Figure 4: mττ invariant mass after the analysis cuts for ee,µµ and eµ channels. The backgrounds with fake
leptons and the Z → τ+τ− contribution are estimated from data. All other contributions are estimated using
simulated event samples [23].
invariant mass shape is estimated using an embedding technique where muons from Z → µµ events
are replaced by simulated τ decays. The top-quark pair production, single top, Z → ll and EW di-
boson production backgrounds are estimated from simulation. The QCD background is estimated
within an independent control sample. The remaining challenge is to reconstruct the invariant
mass of the τ-lepton system (mττ ). This is done using the collinear approximation [25], where the
neutrinos are produced from the τ decay along the direction of the visible leptons. The obtained
mττ distribution is shown in Figure 4.
In the semi-leptonic τ - final state, H → ττ → lτhad3ν , the selection requires one high-pT
lepton and an oppositely charged tau candidate (τhad) with pT > 20 GeV. Events with an additional
lepton are removed to suppress the Z/γ∗ → ll and tt¯. The W → lν background is suppressed by
requiring the transverse mass of the lepton and missing energy system to be smaller than 30 GeV. To
compute the invariant mass of the pair of tau leptons, a new mass reconstruction technique is used,
the so-called missing mass calculator (MMC) technique, which does not assume a strict collinearity
between the visible and invisible decay products of the tau leptons [26]. The H → ττ → lτhad3ν
channel is significantly more sensitive than the H → l+l−+ 4ν channel. The combined exclusion
limit for both channels at 95% CL is around 10 times the SM cross section.
3.4 H → ZZ(∗) → 4l
The search for the Higgs boson in the H → ZZ(∗) → 4l decay channel is performed for mass
hypotheses between 110 and 600 GeV for an integrated luminosity of 2.0-2.3 fb−1 [27]. Three
distinct final states, 4e, 2e2µ , 4µ , are selected. The selection requires two same-flavour, opposite-
sign isolated lepton pairs, with one di-lepton mass compatible with the Z boson mass (m12) within
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Figure 5: The m4l distribution; the signal expectations for three MH hypotheses are also shown as well as
the total background prediction [27].
15 GeV and the second di-lepton mass (m34) lower than 115 GeV and greater than a threshold de-
pending on the reconstructed four lepton mass (m4l). The main background is the ZZ
(∗) continuum,
which is estimated from simulation. The reducible Z+jets background is estimated from data con-
trol regions, while the tt¯ background is estimated from simulation. The width of the reconstructed
Higgs boson mass distribution is dominated by experimental resolution at low mass values, with a
full-width at half-maximum (FWHM) which varies according to decay mode and is between 4.5
(4µ) and 6.5 (4e) GeV for MH = 130 GeV. At high mass, the reconstructed width is dominated by
the natural width of the Higgs boson with a FWHM of approximately 35 GeV at MH = 400 GeV.
Twenty-seven candidates were observed. The m4l distribution for the total background and several
signal hypotheses is compared to data in Figure 5. All detector and luminosity-related systematic
uncertainties are taken to be fully correlated between signal and background. The most significant
deviation observed from the background-only hypothesis occurs at MH = 242 GeV with a p-value
of 4.9%. These results do not take into account the so-called look-elsewhere effect [28]. The SM
Higgs boson is excluded at 95% CL in the mass ranges 191−197, 199−200 and 214−224 GeV.
3.5 H →WW (∗) → lν lν
This search is performed as a counting analysis for Higgs boson mass hypotheses between
110 GeV and 300 GeV for an integrated luminosity of 1.70 fb−1 [29]. After selection of exactly two
isolated oppositely charged leptons, the significant backgrounds are the production of Z/γ∗+jets,
tt¯ and single top, WW , WZ, ZZ, Wγ and W+jets where a jet is misidentified as a lepton. The
background from W+jets is entirely estimated from data using a control sample where one of the
two leptons satisfies a loosened set of identification and isolation criteria. The other background
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Figure 6: The transverse mass mT distribution in the H+0 (left) and H+1 (right) jet analysis after all the cuts
except the cut on mT itself. The expected signal is shown for MH = 150 GeV. The lower part of the plot
shows the ratio between the data and the background expectation from MC, with the yellow band indicating
the total systematic uncertainty in the normalization (but not the shape) of the various components. The final
bin includes the overflow [29].
processes are determined from simulation, with Z/γ∗+jets, WW , tt¯ and single top corrected by
scale factors derived from control samples.
The dilepton invariant mass (mll) is required to be above 10 GeV if the two leptons are of
different flavour. Otherwise mll is required to satisfy mll > 15 GeV and |mll −mZ| >15 GeV to
suppress backgrounds from ϒ and Z production respectively. The remaining QCD and Drell-Yan
events are suppressed by a requirement on the missing transverse energy EmissT,rel . The quantity E
miss
T,rel
is defined as EmissT if the angle ∆φ between the missing transverse momentum and the nearest
lepton or jet in the transverse plane is ∆φ > pi/2 or EmissT sin(∆φ) otherwise. E
miss
T,rel is required to
be above 40 GeV if the two leptons have the same flavour and above 25 GeV otherwise. The
analysis is then separated into two categories: H + 0-jet and H + 1-jet. The dilepton system in
the H + 0-jet category is required to have a large transverse momentum pllT >30 GeV to further
suppress backgrounds from Z+jets and WW . In the H + 1-jet category, events are rejected if the
jet is tagged as originating from a b-quark to suppress the background from top-quark production.
An upper bound on mll is applied depending on MH to suppress backgrounds from top and WW
production. For MH <220 GeV, an upper bound is imposed on the azimuthal angle between the
two leptons: ∆φll <1.3 (1.8) radians for MH <170 GeV (MH ≥170 GeV). Finally, the transverse
mass is required to satisfy 0.75×MH < mT < MH if MH <220 GeV and 0.6×MH < mT < MH
otherwise. The transverse mass distributions (before the last cut) of the candidates in the H + 0-jet
and H + 1-jet categories are shown in Figure 6.
No significant excess is observed. A SM Higgs boson is excluded at 95% CL from 154 to 186 GeV.
3.6 H →WW → lνqq
The search of the SM Higgs boson when decaying to WW → lνqq is performed in the mass
range between 240 GeV to 600 GeV for an integrated luminosity of 1.04 fb−1 [30]. The selection
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SM is also shown, multiplied by a factor of 2.7 [30].
requires exactly one lepton with pT >30 GeV and a missing transverse energy above 30 GeV. The
analysis is separated into two samples H + 0-jet and H + 1-jet. A b-jet veto is applied in the H +
1-jet category to reduce background from top production. After this selection, the background is
dominated by W+jets production. Other important background processes are Z+jets, QCD multijet,
top quark and diboson (WW , WZ, ZZ) production. The background modeling is estimated from
simulation for all processes except the QCD multijet where control samples from data are used
with loosened identification and isolation set criteria.
In order to reconstruct the invariant mass mlνqq, a mass constraint mlν = mW is applied. The
mlνqq distribution of the selected candidates is illustrated in Figure 7 (left) where an expected signal,
scaled by a factor of 2.7, at MH = 400 GeV is also shown. A fit to data with a double exponential is
used as to model the background. In Figure 7 (right) the difference between the mlνqq distribution
in data and the fitted background is shown. No significant excess is observed and an upper limit of
2.7 times the SM cross section is set for a Higgs boson mass of 400 GeV.
3.7 H → ZZ → llνν
The search in this channel is carried out for the 200 to 600 GeV mass range of the Higgs
boson hypothesis using a data sample corresponding to an integrated luminosity of 2.05 fb−1 [31].
The analysis is divided into a high (> 280 GeV) and a low mass region. Events are required
to contain exactly two oppositely charged leptons where the dilepton invariant mass must satisfy
|mll −mZ|<15 GeV in order to suppress backgrounds from top quark, W boson and QCD multijet
production. In addition, events with an azimuthal angle between the missing transverse momentum
and the leading jet in the event ∆φ <0.3 are rejected to reduce background from events with fake
EmissT due to mismeasured jets. To reduce background from top quark production, events with one
or more b-tagged jets are also rejected. The main background at high transverse mass values is the
di-boson production ZZ, WW and WZ, which are estimated from simulation. The Z+jets and top
production are estimated from MC, the W+jets and QCD multijet production are estimated from
data. The results obtained show no evidence for a signal and an exclusion at 95% CL of the SM
Higgs cross section is obtained in the mass range from 310 to 470 GeV.
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Figure 8: The expected (dashed) and observed (solid) cross section limits for the individual search channels,
normalised to the Standard Model Higgs boson cross section, as functions of the Higgs boson mass. These
results use the profile likelihood ratio technique with 95% CL limits using the CLs construction [24].
3.8 H → ZZ → llqq
The analysis in the H → ZZ → llqq channel is performed in the mass range from 200 GeV to
600 GeV for an integrated luminosity of 2.05 fb−1 [32] and it is separated into two regions: below
and above 300 GeV. Events are selected by requiring a pair of leptons with |mll −mZ| <15 GeV
and a pair of high-pT jets with their invariant mass constrained to the mass of the Z boson. The
missing transverse energy has to be below 50 GeV. The selected events are further divided into
two categories: events with two b-tagged jets (i.e H → ZZ → llbb¯) and the rest. The small num-
ber of events with more than two b-tagged jets are rejected. The dominant Z+jets background is
normalized from a control region defined by the sidebands of the di-jet mass distribution. The
less important contribution from top quark production is estimated from simulation. In order to
suppress the Z+jets background for a Higgs mass above 300 GeV, additional cuts are applied: The
azimuthal angle between the two leptons and the two jets must satisfy respectively ∆φll < 90
◦ and
∆φ j j < 90
◦ and the two jets must have pT >45 GeV. The final discriminant in this analysis is the
di-lepton di-jet invariant mass, the shape of which is estimated from MC for both signal and back-
ground processes. No significant excesses are seen in the resulting invariant mass distributions.
Observed upper limits, at 95% CL, of between 1.2 and 12 times the SM cross section, depending
on the Higgs boson mass, are obtained.
4. Combined Results
All the channels described above, except H →WW → lνqq, were combined in ATLAS [24]
following the procedure described in Refs. [34, 33, 35]. The 95% CL exclusion limits in units of a
SM cross section for the different individual channels are shown in Figure 8. The limits shown are
computed using the asymptotic approximation [36], their agreement with MC pseudo-experiments
and with the Bayesian approach was verified to be within a few percent [34]. The expected 95%
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CL combined exclusion covers the SM Higgs boson mass range from 131 GeV to 450 GeV. The
observed 95% CL combined exclusion ranges from 146 GeV to 230 GeV, 256 GeV to 282 GeV
and 296 GeV to 459 GeV. The exclusion CL is about 99% in the region between 160 GeV and
220 GeV and exceeds 99% between 300 GeV and 420 GeV. The highest significance is about 2σ
for an excess around 144 GeV, thus consistent with an upward fluctuation of the background.
5. MSSM Higgs Searches
5.1 A/H/h→ τ+τ−
The search for neutral MSSM Higgs bosons decaying into a pair of τ-leptons was performed
using an integrated luminosity of 1.06 fb−1 [37] in the four final states: ττ → eµ4ν , eτhad3ν ,
µτhad3ν and τhadτhad2ν .
In the eµ4ν final state, the selection requires one isolated electron, one isolated muon and a
missing transverse energy. The tt¯, single-top and di-boson backgrounds are suppressed with two
additional requirements: the scalar sum of the transverse momentum of the electron, the transverse
momentum of the muon and the missing transverse momentum must be smaller than 120 GeV,
and the azimuthal opening angle between the electron and the muon must be larger than 2.0 rad.
An effective mass reconstruction m
e f f
ττ , i.e calculating the invariant mass of the visible tau decay
products and the EmissT system, is used in this final state.
In the e/µτhad3ν final state, one decaying leptonically τ lepton and an other hadronically with
a missing transverse energy are required. Events with more than one reconstructed lepton, using
loose lepton identification cuts, are rejected to suppress background from Z/γ∗→ l+l− and from tt¯
or single-top production. The missing transverse energy is required to be above 20 GeV to suppress
events with jets from QCD processes and the transverse mass of the l−EmissT system is required to
be below 30 GeV to suppress events with real leptons from W → lν decays. The invariant mass
mττ is reconstructed using the MMC technique.
Finally, in the τhadτhad2ν final state, the selection requires exacly two oppositely charged τhad
candidates with pT >45(30) GeV and a missing transverse energy E
miss
T >25 GeV to suppress
background from Z, W boson and QCD multijet production. Events are rejected if they contain an
electron with peT > 15 GeV or a muon candidate with p
µ
T > 10 GeV; isolation is not required. The
invariant mass mvisττ is computing using the visible tau decay products.
No significant excess of events is found. Exclusion limits at the 95% CL are set on the pro-
duction cross section times branching ratio, σ ×BR(φ → τ+τ−), of a generic Higgs boson φ as
a function of its mass, mφ , and for MSSM Higgs boson A/H/h production as a function of the
parameters mA and tanβ (see Figure 9 (right)). The lτhad final state provides the most stringent
limit. The eµ and τhadτhad channels lead to improvements of the exclusion limits for small and
high Higgs boson masses respectively.
6. Conclusions
With 1.04-2.28 fb−1 of analysed data, no significant evidence of a SM Higgs boson production
is observed in the ATLAS experiment. The SM Higgs boson is excluded at 95% CL in the mass
ranges from 146 to 230 GeV, 256 to 282 GeV and 296 to 459 GeV. The confidence level reaches
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Figure 9: Left: shows the di-tau mass distribution computed with the MMC technique [26] for eτhad and
eτhad final state channels. Right: expected and observed exclusion limits based on CLs in the mA − tanβ
plane of the MSSM derived from the combination of the analyses for the eµ, lτhad and τhadτhad final states.
The exclusion limits from a previous result and from LEP are also shown [37].
99% for the region between 160 and 220 GeV and exceeds 99% between 300 and 420 GeV. When
combining these results with recent results from CMS [38], for an integrated luminosity going
from 1.0 to 2.3 fb−1 depending on the channel, the SM Higgs boson is excluded at 95% CL from
141 to 476 GeV and at 99% CL from 146 to 443 GeV except for three small mass regions. The
most favored remaining search region is at low masses, in the approximate range 114-141 GeV. In
addition, exclusion limits on both the cross section for the production of a generic Higgs boson φ
as a function of its mass and on MSSM Higgs boson production A/H/h as a function of mA and
tanβ , are derived. These results exclude regions of parameters space beyond the existing limits
from previous experiments at LEP [39] and the Tevatron [40, 41].
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